Over the past few decades, evidence has emerged to suggest that regular aspirin use reduces the risk of cardiovascular disease 1 and of developing colorectal cancer, 2 and that it might also reduce the risk of developing lung and breast cancer 3 4 and Alzheimer's disease. 5 In vivo, aspirin probably acts as an antiinflammatory prodrug, with the active component being salicylic acid (SA). 6 7 The risks of developing colorectal cancer and cardiovascular disease are also lower in those who consume diets rich in fruits and vegetables, although the chemical components responsible have not been identified. Nutritional research has centred on identifying the fruit and vegetable components that are responsible for those health benefits but these remain, as yet, elusive. 8 9 Recently, we identified SA and two other salicylates-2,3-dihydroxybenzoic acid and 2,5-dihydroxybenzoic acid-as normal constituents of serum in subjects not consuming salicylate drugs; because these compounds are components of fruits and vegetables, we speculated that they originate from dietary plant sources. 10 Because aspirin is a prodrug of SA, 6 7 and a diet rich in fruits and vegetables appears to help prevent similar conditions to aspirin, we sought quantitative evidence that might support SA as the common factor. Only one other study has investigated salicylates in humans not taking salicylate drugs, measuring urinary "total salicylates" in 17 volunteers.
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Hydrolysis of urine with subsequent analysis, however, provides no information on the concentrations of SA found in blood or in tissue, especially because SA is metabolised and salicylates may be concentrated in urine.
We have developed a method to measure SA in sera from volunteers not consuming salicylate drugs and have determined serum concentrations in non-vegetarians, vegetarians, and patients taking aspirin, 75 mg daily.
Methods

VOLUNTEERS AND PATIENTS
Non-vegetarians (n = 39; mean age, 40.5 years; SD, 10.9; 21 men) were recruited from the community in Dumfries and Galloway, southwest Scotland. Vegetarians (n = 37; mean age, 41.7 years; SD, 10.5; 24 men) were recruited from a group of Buddhist monks, of European origin, who were in retreat (being catered for from a communal kitchen) at the Samye Ling Monastery in Upper Eskdale, southwest Scotland. Patients taking aspirin, 75 mg daily (n = 14; mean age, 58.9 years; SD, 12; seven men) were recruited from the Dumfries diabetic clinic. In this last group the median time between aspirin ingestion and venesection was 215 minutes (range, 105-1200). A drug history was obtained in the nonvegetarians and vegetarians to ensure no volunteer was taking salicylate drugs. Blood samples (non-fasting) were taken in the morning from the vegetarians and patients, and from most of the non-vegetarians, although in this last group some samples were taken in the afternoon. Venous blood samples were allowed to coagulate before separating the serum by centrifugation (2000 ×g for 10 minutes). Serum samples were then stored at −28°C. These investigations were approved by the local research ethics committee and informed consent was obtained.
ANALYSIS
The analysis of serum samples for SA was carried out by high performance liquid chromatography (HPLC) with electrochemical detection, as described previously, 10 but with the following modifications. Briefly, we added EDTA (final concentration of 100 µmol/litre), 4-methyl SA (internal standard, final concentration of 2.0 µmol/litre), and HCl (1.0 µmol/ litre) to 0.5 ml aliquots of serum to produce a pH of 2.0; 2.0 ml of ethyl acetate was then added. The extraction tubes were shaken for 15 minutes, centrifuged at 2000 ×g and the organic phase removed. The extraction was repeated and the combined organic phases evaporated to dryness at 70°C under oxygen free nitrogen. The combined extracts were reconstituted in HPLC mobile phase B containing EDTA (final concentration of 1.0 µmol/litre). The proportions of two mobile phases (A: 50% methanol (vol/vol) in citrate buVer, 30 mmol/litre, pH 4.0; B: 1% methanol (vol/vol) in citrate buVer, 30 mmol/litre, pH 3.8) in the elution mixture were modified in a four step programme, namely: (1) 0-5 minutes (25% A, 75% B); (2) 5-28 minutes (0% A, 100% B); (3) 28-43 minutes (100% A, 0% B); and (4) 43-58 minutes (25% A, 75% B). The prodigy ODS 3 HPLC column was maintained at 30°C. Before use, all glassware was rinsed in double distilled water followed by single distilled acetone. Each sample was analysed in duplicate. The intra-assay coefficient of variation (CV) was 7% at a serum SA concentration of 0.059 µmol/litre (10 determinations) and the interassay CV was 6% at a serum SA concentration of 0.095 µmol/litre (six assays carried out on six diVerent days). SA was not detected when water samples were analysed using the same needles, syringes, and blood collection tubes as used for serum samples.
STATISTICAL ANALYSIS
Serum SA concentrations were not normally distributed and median values (range) are reported. Non-parametric analysis was carried out using the Mann Whitney U test.
Results
SA was completely resolved from other compounds, having a retention time of approximately 32-35 minutes (fig 1) , and was found to be present in every serum sample analysed. Higher serum concentrations of SA were found in vegetarian volunteers than in nonvegetarians (table 1); the median of the diVerence was 0.05 µmol/litre (95% confidence interval for diVerence, 0.03 to 0.08; p < 0.0001). There was overlap in the serum concentrations between the vegetarian group and the aspirin group. Eight of the 37 vegetarians had serum SA concentrations above the lowest serum SA concentration found in the aspirin group and six of the 14 patients in the aspirin group had serum SA concentrations below the highest vegetarian value. However, there was a large variation in the SA concentrations within each of these groups, with the aspirin group having a median SA concentration approximately 100 times greater than that of the vegetarian group.
Discussion
This is the first study to measure serum SA concentrations in subjects not taking salicylate drugs. Our main findings were that SA was present in every serum sample analysed, and that sera from vegetarians had higher SA concentrations than those obtained from nonvegetarians. This suggests that fruits and vegetables contribute to the presence of SA in vivo. Many fruits and vegetables contain salicylates but, in particular, herbs and spices contain the greatest concentrations. 12 We found Values are median (range). *Significantly greater than non-vegetarians, median of the diVerence 0.05 µmol/litre (95% confidence interval for diVerence, 0.03 to 0.08; p <0.0001).
a large variation in the serum SA concentrations within both the vegetarian and aspirin groups. In the last group, the blood sampling time post-dose probably explains some of the variation. It is more diYcult to explain the large variation seen in the vegetarian group who were fed the same meals and all of whom were bled within a single two hour session. The samples, however, were non-fasting and the serum SA concentrations may have been influenced by the timing of the specimens relative to breakfast. In this respect the diVerence between the non-vegetarians and vegetarians may be an underestimate because some of the samples from the first group were taken in the afternoon.
Studies are needed to establish the biological eVects of the concentrations of SA found in the vegetarian and non-vegetarian volunteers not taking aspirin. Other investigators have considered dietary salicylate intake as unimportant because dietary salicylates are not in the form of aspirin. 11 The antiplatelet action of aspirin is not shared by the other salicylates. However, most cardiovascular disease is the result of atherosclerosis, a chronic inflammatory disease process. 13 SA is an anti-inflammatory drug that was used clinically before aspirin, with recent work showing that the anti-inflammatory action of aspirin is the result of its predominant metabolite, SA. 6 7 SA inhibits the transcription of cyclooxygenase 2 (COX 2), a key enzyme involved in inflammation and certain cancers. The inhibition of COX 2 transcription has been shown to occur at SA concentrations as low as 0.1 µmol/litre, concentrations that we have found in volunteers not taking salicylate drugs, especially vegetarians.
Further evidence to support the view that the serum concentrations of SA found in vegetarians may have biological eVects is found in the overlap between vegetarians and patients taking aspirin. RuYn et al have shown that low dose aspirin (equivalent to 31 mg SA) reduced prostaglandin F2 concentrations in colorectal mucosa at 24-30 and 72-78 hours after the last dose of aspirin.
14 The mean peak plasma SA concentration measured was 11.8 (SD, 8.18) µmol/litre in this group and the large standard deviation indicates a wide range of plasma SA concentrations in subjects taking the same dose of aspirin. At an aspirin dose of 81 mg daily, mucosal prostaglandin concentrations of both E2 and F2 were decreased. 14 The results of our study highlight the presence of SA in blood, probably originating from fruits and vegetables. The presence of SA, especially in vegetarians, was at concentrations that are known to inhibit the transcription of COX 2, a key inflammatory enzyme in various pathologies. SA concentrations also overlapped with those measured in patients taking aspirin, 75 mg daily. If the anti-inflammatory actions of SA at these concentrations can be confirmed in vivo, it is possible that dietary salicylates will prove to be one of the reasons why diets rich in fruits and vegetables protect against colorectal cancer and cardiovascular disease.
